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INVESTIGATION OF ULTRASONIC WELDING

OF REFRACTORY METALS AND ALLOYS

ABSTRACT

Preliminary specifications for Power-Force Programming
(PFP) control circuits and the tentative design for a system
have been established. PFP components have been secured,
and a 4-kilowatt spot welder has been modified to operate
with them. Efforts have been expended in securing an ade-
ouats source of refractory metals, and probative meetings
have been established with manufacturers relative to ma-
terial composition and processing techniques.
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TNVESTTGATION OF ULTRASONIC WELDING

OF REFRACTORY METALS AND ALLOYS

This program on ultrasonic welding of refractory metals is concerned
with the application of Power-Force Programming (PF?) during the weld inter-
val to increase the generation of quality welds in these refractory metals
on a reproducible basis. The program is divided into four parts:

1. Power-Force Programming Equipment: Modification of earlier feasibility-
study devices to provide for predetermined automatic power and force
variation over the weld interval, utilizing a suitably-modified 4-kilo-
watt ultrasonic spot-type welder.

2. Evaluation of Welding With Power-Force Programmings Study the effect
of the aplication of PFP, using materials of known ultrasonic welda-
bility, such as stainless steel and a high-nickel alloy.

3. Welding Refractory Metals With Power-Force Programming: Using molyb-
denum - 0.5 percent titanium, study P welding parameters productive
of sound, high-strength welds. Ascertain the maximum thickness of
this alloy that can be welded with and without PFP.

4. Apply Power-Force Programming to Two Additional Refractory Metals:
These metals to be niobium alloy and con rcially pure tungsten.

Although the contract documents are dated 16 August 1962, the executed
contract was received on 27 November 1962. Only planning and minor investi-
gative efforts were carried out during the period to 16 October 1962.

The work carried out during this period is as follows:

Power-Force Programming Equipment

Initial feasibility studies involving power urogramming were achieved
by sequential operation of three interval timers with the relays of each
timer wired into the welder power-control circuit so that three discrete
power steps were achieved during pre-selected portions of the weld interval.
Force programming was achieved manually by varying the force control valve
during the weld interval.

Preliminary soecifications for the PFP control circuits and a tenta-
tive design for the system were established. Necessary components were
procured and assembled for incorporation into a spot welder. Sub-assemblies
of this system have been tested, and some of the response characteristics
determined.
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Power-Force Programming equipment consists of a peg-board-type master-
control panel, transistorized variable delay relays for the time base con-
trol circuit, function control relays for directing the signals for power
and force control, a servo-amnlifier, feedback nressure transducer, and
servo-valve for force control.

The neg-board-tyne control panel provides a matrix system of ten incre-
ments for the preset levels of Dower and force along the ordinate, and from
five to ten increments for the selected weld interval along the abscissa
which always renresents thp total value of the weld interval as set on the
master interval timer, thus providing decimal stepwise variation of power
and force over any portion of th weld interval.

Power is controlled by relays couPled to variable resistors in the
oscillator output circuit. Force is controlled by the magnitude of the
signal delivered to a precalibrated servo-amplifier which in turn controls
a servo-valve in the hydraulic force system.

As indicated, these components were obtained for incorporation into a
welding machine. An existing 4-kilowatt spot welder was modified to op-
erate with these PFP components for a preliminary evaluation.

The work to be carried out under this contract will utilize a 4-kilowatt
welder. In order to deliver the energies which will be involved within the
normal weld intervals, high-response circuitry will not be required with PFP
operative. The high-response requirements contribute to considerably more
expensive control components than are currently demanded. Accordingly,
Table I contains the specifications tentatively established as necessary
for the PFP circuitry to effectively carry out the requirements of this
phase of the refractory metals welding program.

A review of weld impedance data obtained for conner and aluminum* re-
veals a relatively slow change during the weld interval, indicating that
provision for five stens in the clamning-force system will probably be
adecuate. Accordingly, the first system will be with five M5) steps only
in the force system, and ten (10) stens in the power control system.

Weldment Materials

%eldment materials are not specified for the investigatory effort.
Enough is known**, however, about the deleterious effect of material im-
purities and variations due to heat treatment on the ultrasonic welding
of refractory metals to warrant continuation of effort along these lines.

* Jones, J. Byron, N. Maropis, J. G. Thomas and D. Bancroft, "Fundamentals
of Ultrasonic Welding, Phase II". RR-60-91, Final Report on Contract
NOas 59- 6070-c, December, 1960.

* Aeroprojects Incorporated, "Ultrasonic Welding of Refractory Metals",
Progress Report No. 9, Contract NOw-61-O410-c, October 1962.
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As a result, purity requirements and processing standards may be estab-
lished, and an adequate source for refractory metals determined.

Communication has been established with manufacturers, and several
meetings have been scheduled to attempt to isolate the problem, and to
procure requisite materials.

Future Work

During the forthcoming period, the following work will be initiateds

1. A Power-Force Program circuit will be assembled and partially evaluated.
Final specifications will be determined, and necessary components will
be obtained.

2. Several meetings will be arranged with manufacturers of the refrac-
tory metals of interest to the program, and specifications for these
materials, both as to composition and fabrication techniques, will
be established if practical. Sample lots of each alloy will be
ordered.
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Table I

TENTATIVE SPECIFTCATIONS F
POE-FORCE PROGRAMING CIRCUIT

Specified Time
Time Base (seconds)

Five Step Time Control

Step Wise Variable 0 to 5.O
Response Through Control Relays 0.005

Power Control

Electronic Power Source Only 0.005*

Force Control

Hydradio (Servo-Valve or
Parallel By-pass Solenoids)

Rise 0.050

Decay 0.030

* Permits use of standard relays.

4



A-OPROECTS INCONOATK

Contract NOw-63-O125-c

DISTRIBTI N4 COPIES

Number Number
of of

copies Copies

12 and Chief, Bureau of Naval Weapons I Commanding Officer
I repro Washington 25, D. C. Naval Ordnance Test Station

Attentiont DLI-31 China Lake, California
RRMA-24 (6) Attnt Code 55
PID-2 (1)
NPR-531 (I) 1 U. S. Army Research Office
SP-27 (I) 3o45 Columbia Pike
RMP-23 (I) Arlington 4, Virginia
DLI-31 (2) Attn: Mr. A. L. Tarr

10 Armed Services Tech. Info. Agency 1 Headquarters, Army Material Command
Arlington Hall Station Washington 25, D. C.
Arlington 12, Virginia Attn: AMCRD-RS-CM
Attnt Document Service CenterTICSCP)

1 Commanding Officer
2 Office of Technical Service Watertown Arsenal

Department of Commerce Watertown, Massachusetts
Washington 25, D. C. Attn. Mr. N. L. Reed, Ordnance

Materials Research Office
1 Chief, Bureau of Ships

Department of the Navy 1 Commanding General
Attni Code 634B Frankford Arsenal
Washington 25, D. C. Philadelphia 37, Pennsylvania

Attnt Mr. J. J. Power, Jr.(ORDBA-LMJ)
I Commanding Officer

Naval Ordnance Laboratory 1 Army Ballistic Missile Agency
White Oak, Silver Spring Redstone Arsenal
Maryland Huntsville, Alabama
Attnt Technical Library Attnt Chief, Materials Branch

Development Operations Division
I Chief, Naval Research Laboratory

Debartment of the Navy 1 Commanding Officer
Washington 25, D. C. Watertown Arsenal Laboratories
Attnt Mr. W. Pellini, Supt. Watertown 72, Massachusetts

Metallurgy Dept. Attnt Mr. S. V. Arnold,
Associate Director

1 Chief, Office of Naval Research
Department of the Navy 1 Commanding Officer
Washington 25, D. C. Army Rocket and Missile Agency
Attnt Metallurgy Section Redstone Arsenal, Alabama

Attn: Technical Library (ORDXR-OTC)
Commanding Offioer
Naval Air Engineering Center
Philadelphia 12p Pennsylvania
Attnt Metallurgy Division, AML

a



A9EROPNOJ9CT8 INCOPONATED

Contract Nw-3-0125-c

DISTRIBUTION LIST (CONTINUEI)

1 Commanding Officer 1 U. S. Atomic Energy Commission
Army Chemical Corps Command Attnt Technical Information Service
Munitions Division Oak Ridge, Tennessee
Army Chemical Center, Maryland
Attnt Mr. Joseph Trout 1 National Academy of Sciences

2101 Constitution Avenue, N. W.

Commanding Officer Washington 25, D. C.

Engineering Re.. & Dev. Lab. Attni Dr. J. Lane, Metallurgist

Department of the Army Materials Advisory Board

Fort Belvoir, Virginia
Attns Metallurgical Dept. 3 Aerospace Industries Association

Technical Services Division

1 Commander Shoreham Building

Aeronautical Systems Division Washington 5, D. C.

Attnt Metals & Ceramics Laboratory
(ASRCM) 1 Welding Research Council of the

Wright-Patterson Air Force Base, Ohio Engineering Foundation
345 East 47th Street

1 Commander New York 17, New York
Aeronautical Systems Division
Attno Applications Lab. (A9RCE) 2 Battelle Memorial Institute

Wright-Patterson Air Force Base, Ohio Defense Metals Information Center
Attn, Mr. C. S. Ddont

2 Commander 505 King Avenue
Aeronautical Systems Division Columbus 1, Ohio
Attns Manufacturing Technology

Laboratory (ASRCT) 1 Battelle Memorial Institute
505 King Avenue

3 Director Columbus 1, Ohio
National Aeronautics and Space Admin. Attn: Mr. M. J. Rieppel

1520 H Street, N.W. Chief, Metals Joining Division
Washington 25, D. C.

1 Armour Research Foundation
I The Arnold Engineering Company Illinois Institute of Technology

P. 0. Box C Metals Research Dept.
Marengo, Illinois 3350 S. Federal Street
Attno Mr. Benjamin Falk Chicago 16, Illinois

Attnt Dr. W. Rostoker

1 Atomic Energy Commission
Germantown, Maryland 1 Renssalaer Polytechnic Institute
Attnt Mr. J. Simmons, Div. of Department of Metallurgical Eng.

Reactor Development 110 Eight Street
Troy, New York

2 Brookhaven National Laboratory Attn, Dr. Earnest Nippes
Information and Publication Service
Uptown, New York
Attnt Miss Mary Weismann, Document

Section

b



AEROPNOJEGTI INCORPONATRO

Contract NOw-63-O125-c

DISTRIBUTION LIST (Continued)

1 Ohio State University 1 North American Aviation, Inc.

Department of Welding Engineering Los Anaeles Division

Columbus, Ohio International Airport

Attnt Prof. R. B. McCauley Los Angeles, California
Attnt Mr. H. D. Mason,

Massachusetts Institute of Technology Engineering Section

Metallurgy Departnent
Cambridge 39, Massachusetts I North American Aviation, Inc.

Attnt Dr. Clyde Adams Columbus Division

4310 N. 5th Avenue

1 New York University Columbus, Ohio

College of Engineering Attnt Mr. Paul Maynard, Chief of

New York 53, New York Materials
Attn: Dr. C. C. Ooetzel, Res. Div.

1 Westinghouse Electric Corporation

1 University of California Research Laboratories

Los Alamos Scientific Laboratory Beaulah Road, Churchill Boro

Los Alamos, New Mexico Pittsburgh 35, Pennsylvania

Attni Mr. J. R. Taub, Group Leader Attnt Chief, Metals Joining Section

Pratt & Whitney Division 1 Gulton Industries, Inc.

United Aircraft Corporation 212 Durham Avenue

Connecticut Aircraft Nuclear Metuchen, New Jersey

Engines Laboratory Attn: Dir6ctor, Research & Dev.

Middletown, Connecticut
Attn: Mr. L. M. Raring, Chief 1 Circo Ultrasonic Corporation

Metallurgist Attnt Mr. B. Carlin, Vice-President
51 Terminal Avenue

1 The Martin Company Clark, New Jersey

Attns Chief, Manufacturing Res.
Development Laboratory 1 The Budd Company

Denver 1, Colorado Defense Division
2450 Hunting Park Avenue

I Crucible Steel Company Philadelphia 32, Pennsylvania

Titanium Division Attnt Chief, Metallurgy Dept.

Midland, Pennsylvania
Attnw Dr. Walter L. Finley 1 Sciaky Brothers, Inc.

4915 W. 67th Street

2 Mallory Sharon Titanium Corporation Chicago 38, Illinois

Niles, Ohio Attns Mr. W. J. Farrell, Chief

Attnt Dr. L. S. McCoy Applications Engineer

Dr. L. S. Busch
1 Climax Molybdenum Company

1410 Woodrow Wilson Avenue
Detroit 3, Michigan
Attnt Mr. A. J. Herzig

C



AIROPNOJCTt INCONPONATaD

Cont -a t NOw-63-0125-c

DISTRIBUTION LIST (Continued)

Universal-Cyclops Steel Corporation 1 Lockheed Aircraft Corporation
Refractamet Division Missile and Space Division
Bridgeville, Pennsylvania 3251 Hanover Street
Attnt Mr. C. Mueller, Mgr. Palo Alto. California

Attnt Mr. R. A. Perkins
General Electric Company Metallurgist & Ceramic Res.
Applied Research Operations
Flight Propulsion Laboratory Dept. I General Telephone and Electronics
Cincinnati 15, Ohio Laboratories., Inc.
Attnt Mr. Louis P. Jahnke, Mgr. P. 0. Box 59

Metallurgical Engineering Bayside, New York
Attnt Dr. L. L. Seigle, Mp.

General Electric Company Metallurgical tab.
Missile and Ordnance Systems Dept.
3750 D Street 1 National Aeronautics & Space Admin.
Philadelphia 24, Pennsylvania Lewis Research Center
Attnt Aerosciences Laboratory 21000 Brookpark Road

Cleveland 35, Ohio
1 Boeing Airplane Company Attnt Mr. Mervin Ault, Asst. Chief

P. 0. Box 3707 Materials & Structures Div.
Seattle 34, Washington
Attnt Mr. John T. Stacey, Senior 1 Boeing Airplane Company

Group Engineer, Aerospace Div. Seattle 24, Washington
Attn: Dr. Edward Czarnecki, Mgr.

2 Republic Aviation Corporation Materials Mechanics & Structures
Farmingdale, Long Island, New York Branch
Attnt Dr. S. Korman, Chief, Systems Management Office

Materials Dev., R.A.C
Attnt Mr. T. F. Imholtz, 1 Fansteel Metallurgical Corporation

Manufacturing Research North Chicago, Illinois
Attnt Mr. Alan F. Busto, Technical

I Lockheed Aircraft Corporation Administrator
Burbank, California
Attnt Mr. E. Green, Mgr., 1 Massachusetts Institute of Technology

Production Engineering Dept. Cambridge 39, Massachusetts
Attnt Dr. Walter A. Backofen

I Lockheed Aircraft Corporation Associate Prof. of Metallurgy
Missiles and Space Division
Sunnyvale, California 1 Grumman Aircraft Engineering Corp.
Attn: Mr. Alfred reterson, Mgr., Bethpage, Long Island, New York

Production Eng. Dept. 83-31 Attnt Mr. Earl Morris, Materials
Engineering

1 Aerojet General Corporation
Solid Rocket Plant
Sacramento, California
Attnt Mr. Alan V. Levy

Head, Materials R&D Dept.(4610)

d



ArNOPROJECTO INCORPONAT9D

Contract NOw-63-O125-c

DISTRIBUTION LIST (Concluded)

Commanding Officer
Picatinny Arsenal
Dover, New Jersey
Attnt Mr. George Van Syckle

Building 65, TAW

Massachusetts Institute of Technology
Department of Aeronautics and Astronautics
Instrumentation Laboratory
Cambridge 39, Massachusetts
Attns Miss Betty Robinson

Ass't. Librarian

Delco Remy Division
General Motors Corporation
Anderson, Indiana
Attni Mr. J. R. West, Piress Dept.

Inspector of Naval Material
10 North 8th Street
Reading, Pennsylvania

e


